The Italian Cities SDGs Composite Index is a tool for policy analysis and dissemination of sustainable development at local level in Italy. Structured into several dimensions representing 16 out of 17 sustainable development goals adopted by the United Nations at the end of September 2015, the index merges 53 available economic, social and environmental elementary indicators into a single composite dimension, highlighting geographical and demographic heterogeneity within the Country. The high dimensionality of the index requires the check for latent implications due to the multivariate distribution of the data. It is indeed mathematically proved that not only heterogeneous variance among indicators plays a central role on the aggregated value, but also the degree of correlations among them. With this aim, Principal Component technique has been applied to identify the latent structure of the data, clustering both indicators within goal and the goals themselves. The weights attached to the indicators have been set in such a way to favour the ones that are statistically independent of each other and to penalize, conversely, those that are correlated; the same approach has been applied for deriving the weights among goals. In this way a balanced structure of the data is guaranteed.
Introduction
In August 2017, the Sustainable Development Solutions Network presented in New York the first U.S. City Index on Sustainable Development Goals (SDGs) at urban level (Prakash et al., 2017) . This index is put beside the Global SDG Index (Sachs et al., 2018) , underlining the specific role of cities. The SDGs recognize that underlines the significant progress on some SDGs made by the UE (Goal 3, 7, 11, 12, and 15) , but that such progress is not sufficient to achieve the Agenda 2030.
To better understand the national situation, ASviS (2017) states that Italy is far from the sustainability on unemployment, inequality and environmental issues, while it is improving in the fields of education, good health and of food security, even if it continues to remain far away from the target for what concern all these issues. Furthermore, Italy is in delay in the adoption of fundamental strategies relating to energy, climate change and circular economy. In a planning perspective, it is also fundamental -for each specific Goal-to evaluate the impact of different policies to reduce the gaps from the targets. At this regard (Campagnolo et al., 2018) developed also a tool, APPS (As-assessment, Projection and Policy of Sustainable Development Goals). It is a composite indicator that, thanks to the use of a general equilibrium economic model, offers a measure of current well-being and future sustainability, generating forecasts up to 2030 for 45 different geo-political areas (individual countries or macro-regions), based on the different hypotheses of policies adopted. The model emphasizes that Italy stands at the fifteenth placed among the forty-five regions considered and, within the European Union, the Italian performance is better only compared to that of the Czech Republic, Spain and Greece. While the studies that compare countries in the context of SDGs are numerous, nationally -but even internationally, with the only exception of US-there are no explicit references to urban realities. When implementing the Agenda 2030 it is particularly important to define the strategies through the alignment of local or regional development plans with the Goals, the Targets and the Indicators of the Agenda 2030. Locally adopting the Agenda is much more than reaching the target: to build a local strategy there is a need for the design, share and develop of tools that photograph the "implementation status" of SDGs in the main Italian municipalities; this to help local communities tackle the still unresolved challenges affecting single cities. This work aims at filling this gap, presenting in section 2 a composite index that evaluates the Italian municipalities according to 53 indicators structured into 16 out 17 SDGs. Such index, for the reasons explained in section 2, does not measure the distance of Italian municipalities to specific target, but instead their performance respect the average. In phase of criteria weighting, we have controlled for latent implications due to the multivariate distribution applying Principal Component technique (subsection 2.1) to guarantee a balanced structure of the data. Section 3 describes the main results, while section 4 reports some concluding remarks.
Composite Index
The Italian Cities SDGs Index is composed by 53 elementary indicators structured into 16 out 17 SDGs; no data are available for Goal 14. The list of the elementary indicators is shown in the Appendix (Table 1) and Figure 1 graphically represents the composite index structure. Such index does not measure the sustainability level of Italian urban reality; instead, it measures the Italian municipalities' performance respect to its average. The reason is that only in 30% of our indicators a precise UN target (sustainable level) is available, and on the other side, no unsustainable thresholds exist at all. We stress indeed the following: since, in a composite index, the distance to target (upper bound) is rescaled on a [0,1] scale because of the presence of indicators with different unit measures, no rescaled distance based on a single point can be precisely computed. The choice of the lower bound plays indeed a crucial role in determining such distance and cannot depend on the data set -for example the 2.5 percentile (Prakash et al., 2017 )-especially when we compare realities that are homogeneous, i.e. cities or regions belonging to the same country, or countries with similar wellbeing level (OECD, etc.). Instead of working on 30% of indicators and setting as many lower bounds (difficult task), we have preferred to retain the all set of indicators and build a fast, unsupervised composite index on standardized data. Therefore, the scores obtained in each dimension cannot reveal a sustainability level per se, but only a comparison between municipalities' performances with respect an average value (set to zero). Data have been merged in two levels: in the first level indicators have been aggregated within Goal; in the second level the Goals have been aggregated into the Sustainability Index. The unevenly distribution of indicators among Goals (Goal 7 for example has only one indicator, while Goal 4 has 9) required a re-standardization of the value obtained to balance the Goal's influence on final index. From a probabilistic point of view, Goals with fewer indicators exhibit a higher variance with respect those formed by several, with a consequently greater influence on the final composite index. Moreover, the high dimensionality of the index has required the check for latent implications due to the multivariate distribution of the data; it is mathematically proved (Wang and Stanley, 1970; Parulo et al., 2013) that not only heterogeneous variance among indicators plays a central role on the aggregated value, but also the degree of correlations among them. With this aim, to identify the latent structure of the data (see sub section 2.1), Principal Component technique has been applied, clustering both indicators within goal and the goals themselves. The weights attached to the indicators have been set in such a way to favour the ones that are statistically independent and, conversely, to penalize those that are correlated. In this way a balanced representation of the data is guaranteed.
Criteria Weighting
Consider a composite index formed by indicators with = {1,2, … }, that have been previously adjusted according to their polarity. If such indicators have been previously standardized too, their covariance matrix coincide with the correlation matrix (denoted with ).
The Spectral Value Decomposition (SVD) allows to rewrite the correlation matrix in the following way:
where ( × ) is the diagonal matrix of eigenvalues of and ( × ) matrix of eigenvectors. When in the data set some random variables are exactly linear dependent from others, is it possible to obtain the same correlation matrix with a lower dimension in the matrix ( × ) and ( × ), with < . If we define the total variance of the random vector as the sum of the variance of its random variables, that is ( ) = , we could form a new random vector ( × 1) as a linear combination of with the same total variance explained:
= ′
(2)
meaning that the elements of the random vector are orthogonal. The total variance explained by the new random vector is:
The principal component represents the first element of the random vector and explains the maximum amount of the total variance of , given that the eigenvalues of have been rearranged in descending order.
It is worth underlining that the matrix cannot be used directly in the construction of a composite index = ′ , with ≥ a vector ( × 1) of weights; indeed, it could happen that an increment in the variable leads to a negative effect in the composite index, because of the presence of negative elements in the matrix :
where . represents the -thcolumn of ′. For this reason, the utilization of PCA in the context of composite indices' construction requires a transformation and/or rescaling of eigenvector matrix. Although several techniques exist in literature, there is no consensus on which is the best one to use. The most commonly employed can be found in OECD (2005) . This approach however leads to two severe consequences: first, it could overweigh indicators that are correlated penalizing those that are independent, leading consequently to unbalanced composite index. The reason is that the initial weights of the indicators (represented by proportion of variance explained in each component) are weighted again proportionally to the variance explained by the components. Second, the criterion adopted to retain the number of components (around 85% of total variance should be explained) could leave out components that in theory play a central role in the description of the data.
The following example will better explain the above two issues: suppose you are going to construct a composite index with three indicators, two of which are perfectly correlated, while the third is statistically independent from the others. In theory one of the two correlated variable is redundant and it should be dropped in the composite index. If you are imposing equal weights, the composite index is unbalanced because one dimension (formed by the two correlated variables) is weighted twice with respect the second one (formed by the independent variable). If you use OECD's approach you obtain the same undesirable results. . To avoid the above issue, you need to think differently: in some type of composite index, namely those for which condition 5) cannot be accepted, it is not recommended the technique that fits the data best. On the contrary, it is to prefer the one that best fits the dimensions the data are explaining, in which indicators that are statistically independent are weighted more than those that are correlated. To this aim, when using PCA technique, each component should have the same weight. To conclude, the optimal indicators' weights * ( × 1) are obtained averaging the proportion of variance explained by them in each component:
According to 6), the weight of the first two indicators is ( . Regarding the second issue -the number of components to retain: suppose that a composite index is formed by indicators that are statistically independent. Given this assumption each component explains 1 of the total variance and 20% of the initial set of indicators is wrongly discarded. We hence recommend retaining the number of components that simultaneously satisfy the following conditions: around 85% of the total variance should be explained and each eigenvalue is greater than one. Let the -th eigenvalue and = { | ( ) = |∑ − 8.5 10 =1 |} , = {1, … , }
= { | ≥ 1}, = {1, … , }
the optimal number of component to retain * is given by:
The composite index is hence a weighted average of the indicators belonging to it: = * (10)
Final Criteria's Influence on the Composite Index
In literature (Wang and Stanley, 1970; Parulo et al., 2013) the final influence of the -th indicator on a composite index (formed as linear combinations of some criteria) is expressed as the squared correlation between the two:
This allows us to better understand the real importance of a variable in a composite index, catching both the direct (weight/coefficient) and the indirect effect.
Results
Focusing on the recognized socio-economic disparities between the South and the North of the Country, the Sustainability Index and its distribution across the regions confirms the gaps. According to equation 11), the key Goals to understand this result are those related to good education and decent work & economic growth. At level of single elementary indicators, the key ones are NEET (aged 15-29) and the one related to the share of population that worked less than 20% of the time. Figure 2 , Figure 3 , Figure 4 show that, both in terms of Sustainability Index and SDGs, most of the cities based in the northern part of the Country, with few exceptions, performs better with respect to the average. Given the importance of looking specifically at the SDGs to better understand the state of the art of the municipalities and their different specificities, rankings for each Goals have been provided. It is always important to remember that the Agenda 2030 is a complex program that aims at avoiding trade-offs between the Goals still recognizing the peculiarities of each single actor and the need of integration between them. One of the point to focus the attention on, once the individual rankings have been obtained, is the high degree of diversification, which strongly -but not surprisingly-indicates the degree of heterogeneity of the Italian municipalities. From a comparative perspective, as summarized in Table 2, Table 3 , Table 4 , Bolzano is at the top of the ranking in the Goals linked to poverty (Goal 1), to sustainable cities (Goal 11) and to the partnership for the goals (Goal 17). Milan (61st in the Sustainability Index) is first of the class in the SDGs related to economic growth and infrastructures and innovation (Goal 8 and 9), it is on the podium in Goal 6 (clean water and sanitation), but at the same time it displays the worst result in SDG 10 (economic inequality) and second to last in Goal 15 (life on land). Belluno, Venezia and Padova, three Municipalities located in the north-east part of the Country, are the best performer respectively in Goal 12 (responsible production and consumption), 13 (climate change) and 7 (clean energy), while considering Terni and Rome (two Municipality in the centre part of Italy), they rank at the top in SDG 3 (good health) and 5 (gender equality). Finally, Matera and Enna -municipalities in the Southern part of the Country-they are on the top of the ranking in SDG 15 (life on land) and 16 (peace). All that said, these results confirm the complex picture and the need of tools to help the coordination and intersection between policies, sectors and stakeholders to find innovative solutions to the challenges sustainable development addresses.
Conclusions
This paper offers a methodological approach that best suits the construction of composite indicators in the context of SDGs. In the next future, when all the 269 elementary indices measuring sustainability will be available worldwide, there will be the need of a synthetic measure that best approximates the sustainability level of a country, region, city and mitigates the implicit issues due to the multivariate distributions of the data. It is indeed high probable that these 269 indicators do not explain as many as different dimensions.
In this paper we applied Principal Component technique to address the above issue, offering the readers a list of indices (sustainability index, and one for each Goal) for Italian municipalities. One more time, the results confirms the rift between the north and south of the Country.
The key Goals to understand the results are those related to good education and decent work & economic growth. At level of single elementary indicators, the key one is NEET (aged 15-29) and the one related to the share of population that worked less than 20% of the time. 
Bibliography

